Background: Health Literacy (HL) is the knowledge and competence to access, understand, appraise, and apply health information for health judgment. We analyze for the first time HL level of Catalonia's population. Our objective was to assess HL of population in our area and to identify social determinants of HL in order to improve the strategies of the Healthcare Plan, aimed at establishing a person-centered system and reducing social inequalities in health.
Background
One of the priorities of the World Health Organization (WHO) is to develop integrated and people-centered health services that allow reducing health costs and improve the quality of life. This makes it necessary to establish strategies to empower patients and increase their engagement in health decision making. Patients' access to and understanding of health information becomes, therefore, essential [1, 2] .
In recent years, the concept of Health Literacy (HL) has gained increasing attention in Public Health research as well as in health services reform processes, and now it is considered one of the essential factors and determinants of individual health and health service use. HL is an evolving concept, which has expanded from a simple understanding of health information to a comprehensive meaning of health aimed at empowering citizens for healthy living [3, 4] . After a systematic literature review of existing HL definitions and models, the European Health Literacy Consortium defined HL as "the knowledge, motivation and competence to access, understand, appraise, and apply health information in order to make judgments and take decisions in everyday life concerning health care, disease prevention and health promotion to maintain or improve quality of life throughout the course of life" [4] . This definition integrates three health relevant areas: health care, disease prevention, and health promotion [1] .
Various tools have been proposed for measuring HL in the population [5] : designed either to assess specific HL aspects [6] [7] [8] [9] [10] (and often applied in clinical settings [11, 12] ) or to approach HL in a comprehensive way [13] . In 2009, a consortium of nine organizations from eight EU member states designed the European Health Literacy Survey (HLS-EU) to apply it in the general population. The HLS-EU Questionnaire includes 47 items and it has been validated on a large, cross-national sample of EU citizens according to the well-established Eurobarometer methodology [14] . A shortened version with 16 items (HLS-EU-Q16) was developed to reduce completion time and difficulty and, therefore, make it easier to apply in the general population [15, 16] . In recent years, HLS-EU-Q16 has been used in various studies with uneven results [12, [17] [18] [19] [20] [21] [22] [23] , although most focused on specific populations rather than the overall population. The psychometric properties of the HLS-EU-Q16 have been recently assessed in a neighbor region in Spain [24] .
In Spain, the scope of action of health policies is regional, which allows implementing concrete actions in concrete populations. In Catalonia, a region in the northeast of Spain with 7.5 million people, the priorities of the Health Plan for Catalonia (HPC) are the establishment of a person-centered system and the reduction of social inequalities in health. The diagnosis of the initial scenario is, therefore, mainstay for developing and improving these strategies, and it must consider both the magnitude of the problem and its distribution according to social determinants in health. In Catalonia, a health survey (ESCA) is conducted every year using home interviews with the aim of providing relevant health information about the population and guiding the policy assessments outlined in the HPC [25] . ESCA gathers information on health status, lifestyles and the use of health services of the population of Catalonia. Taking advantage of the usability of a short questionnaire, the HLS-EU-Q16 was included in ESCA in 2014 to also gather information on the HL level of the general population. The objective of this study was to identify social and health-related determinants of HL in the general population in order to improve the person-centered health care services.
Methods

Study design and participants
This was a cross-sectional study based on the ESCA 2014 survey (a general questionnaire for subjects aged ≥15 years), which included the 16 items of HLS-EU-Q16. ESCA is an official survey performed by the Catalan Government (Health Ministry, Directorate General of Health Planning and Research) and by the Statistical Institute of Catalonia. The survey is administered every year to non-institutionalized male and female subjects aged 15 years old and over who are selected based on a multistage probability sampling, including all seven health regions defined according to geographical, socioeconomic and demographic characteristics. The sample is stratified by age, gender, municipality size, and health region. To maximize the number of respondents, ten substitutes with a matching age, gender, municipality (or nearby municipalities), and health region were assigned to each subject. Interviews were performed between January 13, 2014 and January 9, 2015 by IPSOS Operaciones SA using computer-assisted personal interviewing. Face-to-face home interviews were conducted by welltrained professionals.
The administration of the ESCA survey was approved by the Consultants' Committee of Confidential Information Management (CATIC) from the Catalan Health Department, according to the Helsinki Declaration (revised in 2000). The anonymized results of the complete survey are publicly available at the Catalan Government web site [25] .
Measurements
The ESCA survey consists of nearly 500 questions addressing socioeconomic characteristics, health status, health-related behaviors, and the use of healthcare resources. For the purpose of this study, the following variables were analyzed: gender, age, employment status, education level, smoking, alcohol consumption, physical activity, health coverage, preventive activities, self-medication, weight, self-perceived health, visits to healthcare professionals, self-perceived chronic disorders, comorbidities, and physical limitations to perform everyday activities (Table 1) .
Age was stratified in four groups: 15-44, 45-64, 65-74, and ≥ 75 years. Employment status was categorized as Employed, Unemployed, Unpaid Work, Retiree or Unemployed for Medical Reasons, and Others. Socioeconomic status was determined based on the occupation of the household head (i.e., the person with highest income and/or employment status), and classified according to the Spanish adaptation of the British Registrar General's scale into three categories [26, 27] : High, including Groups I and II (managers of public administrations and businesses; professions associated with university education; artists and sportsmen); Middle, including Groups III and IVa (civil servants, clerks and financial workers; self-employed; supervisors of manual workers and qualified manual workers); and Low, including Groups IVb and V (semi-qualified and nonqualified manual workers). Drinking behavior was categorized according to the subject's alcohol consumption habits as Non-Drinkers (subjects who have not consumed alcohol in the last 12 months), Light Drinkers, and Heavy Drinkers (men who drink more than 28 standard drinks per week, women who drink more than 17 standard drinks per week, or subjects who drink more than five consecutive alcoholic beverages once a month, regardless of sex). (In Spain, one standard drink contains 10 g of ethanol.) [28] Physical activity was categorized as Healthy and Unhealthy according to an adaptation of the International Physical Activity Questionnaire (IPAQ) short form: the category "healthy" encompassed the IPAQ categories "moderate" and "high physical activity", whereas the category unhealthy corresponded to the category "low physical activity" of the IPAQ [25, 29] . Preventive activities included regular monitoring of cholesterol level and regular monitoring of blood pressure. Self-medication was assessed as the intake of prescription and over-the-counter medications during the last two days. In subjects between 18 and 74 years old, body weight was measured using the Body Mass Index (BMI) based on subject-reported height and weight, and categorized as Underweight (BMI < 18.5 kg/ m 2 ), Normal Weight (≥18.5 to < 25 kg/m 2 ), Overweight (≥25 to < 30 kg/m 2 ) and Obesity (≥30 kg/m 2 ). Self-perceived health was assessed by asking subjects to rate their health. Responses "excellent", "very good" and "good" were categorized as Good Health, while "mediocre" and "poor" were categorized as Poor Health. Visits to healthcare professionals included visits in the last 12 months to general practitioners, sexual and reproductive healthcare professionals, mental health professionals, and other specialists. They also included visits to nurses, social workers, pharmacists and other community health agents. Subjects were also asked about their chronic disorders, their comorbidities (i.e., mental disorders, diabetes, and respiratory and cardiovascular problems), and their physical limitations to perform daily activities.
In 2014, ESCA included the shortened version of the European Health Literacy Questionnaire (HLS-EU-Q16), which contains 16 statements to measure HL in the general populations [14] . The statements in the questionnaire cover three different HL domains, i.e. Health Care, Disease Prevention, and Health Promotion. Each respondent was asked to give their opinion on a 5-point Likert scale: "very easy", "easy", "difficult", "very difficult", and "I don't know". Responses were dichotomized, with "very easy" and "easy" given a score of 1, and "difficult" and "very difficult" given a score of 0. Statements that were answered as "I don't know" were treated as missing data in the analysis. Only participants who answered at least 14 out of all 16 items were included. HL was categorized in three levels: Sufficient (13-16), Problematic (9-12), and Inadequate (1-8). The HLS-EU-Q16 questionnaire has been validated in Spanish with a Cronbach's alpha of 0.982 [24] .
Statistical analyses
To correct oversampling of less populated areas, an appropriate weight adjustment was applied before the analysis [25, 30, 31] . Continuous variables were summarized as means and their standard deviation (SD), and categorical variables were displayed as frequencies and percentages. To investigate the determinants of HL, the HLS-EU-Q16 index was dichotomized into two categories: Inadequate (inadequate and problematic), and Adequate (sufficient) HL [32] .
Chi-square tests were performed to compare the percentages of subjects with adequate or inadequate HL across sociodemographic and health-related variables. For variables "smoking" and "alcohol drinking", post hoc analyses were performed and the Bonferroni correction was used for adjusting the significance threshold. Variables showing differences with p-value < 0.1 in the univariate analysis were included in a stepwise logistic regression to predict inadequate HL level. Results were presented as OR and its 95% CI. For all other analyses, the significant threshold was set at a bilateral alpha level of 0.05. Receiver operating characteristic (ROC) curves were calculated to investigate the sensitivity and specificity of the HLS-EU-Q16 to predict inadequate HL. Univariate analyses were performed using the SPSS Statistics Package (IBM Corp. 
Results
Overview of HLS-EU-Q16 results
The ESCA survey was administered to 3642 subjects. Of them, 2433 (70%), aged between 15 and 98 years old (mean of 45.9 years, SD 18.0), responded to the 16 items of HLS-EU-Q16 and were, therefore, considered for the analysis. Table 2 summarizes the responses to each item of HLS-EU-Q16. Overall, 2059 subjects (84.6%) showed sufficient HL, 250 (10.3%) inadequate HL, and 124 (5.1%) problematic HL, with no significant differences between men and women (p = 0.070) (Fig. 1) .
Subject characteristics and health behavior
When analyzing the distribution of HL, stratified as Sufficient and Inadequate or Problematic, by the sociodemographic characteristics of the study subjects, gender differences remained non-significant (Table 3) . Conversely, the distribution of subjects across the categories of socioeconomic status, employment status, and study level revealed a significant trend towards being employed and belonging to a high socioeconomic class for subjects with sufficient literacy. Similarly, the percentage of individuals with secondary and university education level tended to be higher among subjects with sufficient literacy. Finally, subjects with sufficient HL were significantly younger than those with inadequate or problematic HL (Table 3) . To investigate the relationship between HL and awareness and interest on health, variables related with health behavior were analyzed (Table 4) . Drinking behavior, categorized as non-drinkers, light drinkers, and heavy drinkers, was significantly associated with HL level, with subjects in the sufficient HL group more frequently reporting light consumption. Healthy physical activity was more frequently reported in the group with sufficient literacy. The percentage of subjects who performed Drinking behaviour was categorized according to the subject's alcohol consumption habits as Non-Drinkers (subjects who have not consumed alcohol in the last 12 months), Light Drinkers, and Heavy Drinkers (men who drink more than 28 standard drinks per week, women who drink more than 17 standard drinks per week, or subjects who drink more than five consecutive alcoholic beverages once a month, regardless of sex). (In Spain, one standard drink contains 10 g of ethanol.) [28] c Physical activity was categorized as Healthy and Unhealthy according to an adaptation of the International Physical Activity Questionnaire (IPAQ) short form [25, 29] d
Preventive activities included regular monitoring of cholesterol level and regular monitoring of blood pressure e Self-medication was assessed as the intake of prescription and over-the-counter medications during the last two days f Self-perceived health was assessed by asking subjects to rate their health. Responses "excellent", "very good" and "good" were categorized as Good Health, while "mediocre" and "poor" were categorized as Poor Health g i.e. mental disorders, diabetes, respiratory and cardiovascular problems preventive activities, such as monitoring their blood pressure and cholesterol level, was significantly higher in the inadequate or problematic HL group. Subjects with inadequate/problematic HL also showed a significant trend towards self-medication and consumption of diet and homeopathic products, although differences with sufficient HL subjects were mild. A detailed analysis of the types of medication taken in the last two days revealed significant differences only in the consumption of anti-inflammatory and similar drugs (7.7 and 92.3% of subjects with inadequate/problematic and sufficient HL, respectively; p < 0.001).
Differences in HL level were also analyzed regarding variables related to the subjects' health status (Table 5) . Subjects with inadequate or problematic HL had higher BMI, and the percentage of subjects with normal weight was higher for those with sufficient level of literacy. The percentage of patients with good self-perceived health was also higher in subjects with sufficient HL. Conversely, subjects with inadequate/problematic HL tended to visit healthcare 
Prediction models of health literacy (HL)
A logistic regression analysis to predict the relative association of specific variables with HL showed that a lower level of education and low socioeconomic status are associated with low HL (OR 2.08, CI 95% 1.32-3.28, p = 0.002 for primary education, and OR 2.11, CI 95% 1.42-3.15, p < 0.001 for low socioeconomic status). A physical limitation to perform everyday activities was also associated with low HL (OR 2.50, CI 95% 1.34-4.66, p = 0.004 for those severely limited). A more modest association was found with low physical activity, having a self-perceived chronic disorder, and performing preventive activities, such as monitoring their blood pressure and cholesterol level ( Table 6 ).
The predictive capacity of the multivariate logistic regression model for the probability of inadequate or problematic level of literacy was analyzed through a ROC curve. The area under the ROC curve was 0.70 (CI 95% 0.67-0.73), which is an acceptable level of discrimination according to Hosmer et al. [33] (Fig. 2) .
Discussion
In this study, we benefited from a governmental health survey to investigate the HL level on a sample of 2433 subjects, randomly selected from a 7.5-million-people area. Our analysis revealed that 85% of people in this area have a sufficient HL level. Based on information regarding sociodemographic characteristics, health status, and health behavior in this population, the level of education, socioeconomic status, physical limitations to perform everyday [26, 27] activities, physical activity, performing preventive activities and self-perceived chronic disorders were identified as factors predicting an inadequate or problematic HL level. The low percentage of subjects with problematic or inadequate HL observed in this study (15.4%) stands out from previous studies investigating the HL level with the HLS-EU-Q16 Questionnaire, which reported percentages of inadequate/problematic HL ranging from 7 to 71% [12, 19, 23] . The wide variability in the percentages may be partially explained by the differences in study samples, which in some cases were selected from specific populations, such as Somali women living in Oslo [19] , or subjects from a cohort study investigating cardiovascular risk [12] . The HLS-EU-Q16 Questionnaire has been recently validated in Valencia (a neighbor region in Spain with similar population than Catalonia); the percentage of subjects with problematic or inadequate HL (12.48%) were similar to our results [24] . Our results also differed from those observed by Sorensen et al., who used the full version of the questionnaire (HLS-EU-Q47) in a comparative study of the general population from various European countries, in which Spanish subjects showed one of the highest percentages of inadequate or problematic HL (58.3%), surpassed only by Bulgaria (62.1%) [14] . It is worth mentioning that in a preliminary validation of HLS-EU-Q16, in which the results of the 16-item and 47-item Questionnaires were investigated in various countries, Spain was the country with the lowest percentage of concurrent classification (67.5%), below the average of 75.8% [34] . Although the percentage of subjects with inadequate or problematic HL found by Pelikan et al. in the aforementioned study (34.4%) [34] is still far from that observed in our sample (15.4%) and in Valencia's population (12.8%) [24] , these inconsistencies might indicate a country-specific limitation of HLS-EU-Q16, which may affect the accuracy of the short questionnaire. It is worth mentioning, on the other hand, that the Cronbach's alpha of the HLS-EU-Q16 in Valencia was 0.98, similar to the values for the HLS-EU-Q47 questionnaire in Europe (0.97) and in Spain (0.96) [24] .
Owing to the low percentage of subjects with inadequate (5.1%) and problematic (10.3%) HL, we grouped these two categories to analyze factors potentially influencing HL. In our analysis, education level, socioeconomic status, physical activity, performing preventive activities, self-perceived chronic disorders, and having a physical limitation stood out as Comparisons between non-drinker category (significance level using Bonferroni correction p < 0.008)
factors that significantly predicted an inadequate or problematic level of HL. According to the ROC curve, our model had an acceptable capacity to discriminate inadequate or problematic HL. The education level has been consistently reported as a factor associated with HL [12, 14, 23, 24, 35] . In 2013, the WHO considered people with low education level and/or low socioeconomic status as vulnerable groups with much higher proportions of limited HL than the general population in Europe [1] . The WHO also included those with worse health (status measured by self-perceived health, long-term illness and physical limitations to perform everyday activities due to health problems) in the specific vulnerable groups with limited HL [1] . In our study, perceived general health had no contribution to the multivariate model, but the perception of chronic disorders and -more importantly-physical limitations to perform everyday activities increased the odds of inadequate/problematic HL. Surprisingly, we also found that performing preventive activities, like monitoring cholesterol level and blood pressure, also increased the odds of low HL. Although further studies should be conducted to explain this unexpected relationship, the fact that people who periodically monitor their blood pressure and cholesterol level are often older people who deal with chronic diseases may have contributed to this finding. In this regard, the higher risk for low HL might lay on the underlying subject profile rather than the isolated feature of performing preventive activities. Finally, physical activity, which significantly contributed to our multivariate model, had been considered by the WHO as one of the health-related behaviors most strongly associated with HL [1] . However, Levin-Zamir et al. only found a borderline correlation between low HL and lack of physical BMI body mass index a Differences between inadequate/problematic and sufficient HL, assessed with Chi-square tests activity, which was not significant in a multivariate analysis [23] .
Obtaining an overview of HL among the population in our area and the incidence of social determinants in the level of literacy is mainstay for planning patient-centered healthcare services and policies. A deeper knowledge on HL in an area with a given sociodemographic profile may ultimately contribute to reducing inequalities in health through a "proportionate universalism". The data show that people who are in vulnerable groups (for example, people with chronic diseases) have a lower level of literacy and, therefore, a greater need to improve their literacy level to be able to look after their health. Therefore, it is necessary that public authorities focus on the tailored needs of the patients and promote person-centered actions to improve the health competencies of these groups. For example, the expert patient program empowers chronic disease patients and their caregivers through peer-to-peer learning methods. Furthermore, it is also necessary to work on the promotion of tools that facilitate patients to make shared decisions about their health, which implies giving health information to the population, accessible, understandable, and with a salutogenic vision. Our results are strengthened by the fact that the survey was administered to a large number of subjects that were selected based on a multistage probability sampling, thus improving the reliability of the inference to the whole population. Furthermore, the survey was administered by trained professionals, who performed face-to-face [25, 26] f p value corresponds to the differences between the four groups (High (groups I and II); Middle (groups III and IVa); Low (groups IVb and V); NA (Household head never worked)) g p value corresponds to the differences between the three groups (Yes, severely limited; Yes, limited but not severely; or Not limited)
home interviews. On the other hand, the study has some limitations that must be considered. First, although recommended by the WHO, questionnaire-based assessments of HL, like HLS-EU-Q16, do not include objective elements to measure functional HL and, therefore, can be associated with a reporting bias, particularly in variables regarding health behavior and health status [5, 14] . Moreover, respondents in face-to-face interviews tend to overrate their skills and underrate their problems [36] . Another limitation of our study was its cross-sectional design, which makes it difficult to draw causal inferences.
Conclusions
Our study shows that Catalonia has a high percentage of subjects with sufficient HL. Despite the skewed distribution of our study sample across the various levels of HL, we could identify various determinants of HL, being the education level, socioeconomic status, and physical limitations the factors with the strongest contribution to problematic or inadequate HL. Our findings can aid policymakers focusing literacy programs to subjects who are at higher risk of low HL. Also, the high percentage of subjects with sufficient HL, along with the prevalence of some inadequate health behaviors, suggest that awareness-raising measures to improve popular health behaviors should take into account other determinants aside HL. Although these results are likely to be country-specific, the factors identified will allow policy makers of areas with similar socioeconomic profiles to identify patients or groups with high risk of problematic or inadequate HL, which is essential for a successful patientcentered model of care. 
